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ABSTRACT
Aloe vera whole leaf extracts are incorporated into a wide variety of topically applied commercial products. Aloe vera whole leaf
extracts contain anthraquinones, which can generate reactive oxygen species (ROS) upon UVA light irradiation. In this study, the
phototoxicity of two Aloe vera whole leaf extracts, Aloe A and Aloe B, were examined. The Aloe B extract was prepared by treating
the Aloe A extract with activated carbon (1%, wt/wt) and filtration to remove the Aloe latex components, including the anthraquinones.
UVB irradiation of the Aloe vera whole leaf extracts induced lipid peroxidation in the presence of a lipid, methyl linoleate. The amounts
of lipid peroxides formed were higher in the Aloe B, which contained lower amounts of anthraquinones than Aloe A. Sodium azide
inhibited and deuterium oxide enhanced the formation of lipid peroxides by Aloe B, suggesting that singlet oxygen was involved in
the mechanism. When superoxide dismutase was incorporated prior to irradiation, lipid peroxidation was inhibited, indicating that
superoxide was produced during the photoirradiation of Aloe B. In addition, electron spin resonance (ESR) spectroscopy was also used
to investigate the generation of free radicals by the UVB photoirradiated Aloe B. ESR measurements indicated that the UVB photoirradiation of Aloe B produced carbon-centered free radicals. These results suggested that, as with the exposure to UVA light, the exposure
of Aloe vera whole leaf extracts to UVB light can also generate ROS and induce lipid peroxidation.
Key words: Aloe vera, UVB, Photoirradiation, Lipid peroxidation, Reactive oxygen species (ROS), ESR

INTRODUCTION
Since the U.S. Congress passed the Dietary Supplement
Health and Education Act (DSHEA) in 1994, the consumer
use of herbal products have been rapidly growing. The American Herbal Products Association estimated that there were
about 3000 species of plants in as many as 50,000 different
products sold as herbal supplements in the United States
in 2004(1). St. John’s wort, Ginkgo biloba (ginkgo), golden
seal, panax ginseng, kava, Aloe vera, and mild thistle extract
were among the most widely-used of these products(2-4). To
ensure consumer health protection, the quality and safety of
raw herbal plants and dietary supplement preparations have
to be ensured.
We have long been interested in studying the mechanisms
* Author for correspondence. Tel: +1-240-4021991;
Fax: +1-301-4362624; E-mail: junjie.yin@fda.hhs.gov

of herbal plants, herbal dietary supplements, and their phytochemical constituents to induce toxicities, including tumorigenicity and phototoxicity(2-10). Aloe barbadensis (Miller),
commonly referred to as Aloe vera, has a long history of
use as a topical healing agent for abrasions and burns, and
as an emollient and moisturizer in the cosmetic industry.
Since 1994, Aloe vera has gained popularity as a therapeutic
botanical(11). Today, Aloe vera has been applied as an ingredient in a variety of health and cosmetic products, such as
skin moisturizers, face cream, hand cream, cleansers, soaps,
suntan lotions, hair tonics, shaving preparations, bath aids,
makeup, and fragrance preparations to baby lotions and
wipes(10,12).
Aloe vera can penetrate the skin appreciably in vitro
and in vivo(13). As a consequence, the topical application
of Aloe vera to the skin of humans may result in significant
accumulation of Aloe vera components both on the surface
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and within skin layers. Cosmetic products that list Aloe
vera as an ingredient may utilize whole leaf Aloe vera plant
extracts that also contain the anthraquinone-rich Aloe latex.
It has not been unveiled whether use of Aloe vera-containing
cosmetics concomitantly exposed to sunlight would result
in any deleterious effects(13). Wamer et al(14) demonstrated
that pretreatment of cells with Aloe-derived anthraquinones
and exposure to UVA light resulted in significant photooxidative damage to both cellular RNA and DNA. It has
been proposed that the anthraquinones in aloe latex may be
potentially phototoxic, and that the mechanism of phototoxicity may involve the generation of reactive oxygen species
(ROS)(14-16).
In previous study, we examined the phototoxicity of
two whole leaf Aloe vera plant extracts, Aloe A and Aloe B,
under UVA irradiation(10). Aloe B extract was subjected to
activated carbon-filtration (1%, wt/wt) to remove the Aloe
latex components, including anthraquinone, from the Aloe
A extract. After treatment with activated carbon-filtration,
the concentrations of aloin, the principal anthraquinone of
Aloe vera latex, in Aloe A and Aloe B were in a ratio of
100 : 1 by weight. It was found that UVA irradiation of Aloe
vera leaf extracts, both Aloe A and Aloe B, in the presence
of a lipid, methyl linoleate, induced lipid peroxidation. The
levels of lipid peroxides formed were higher in Aloe B, which
had lower levels of aloin, than Aloe A. Superoxide dismutase
and sodium azide inhibited and deuterium oxide enhanced
the formation of lipid peroxides, which suggested that both
singlet oxygen and superoxide were produced and mediated
lipid peroxidation. Spin trapping technique using electron
spin resonance (ESR) indicated that the UVA irradiation of
the Aloe vera plant extracts produced carbon-centered free
radicals. In current study, we investigated whether or not
UVB irradiation of Aloe A, Aloe B, and aloin would also
generate lipid peroxidation and whether induction of lipid
peroxidation was mediated by ROS.

MATERIALS AND METHODS
I. Materials
The Aloe vera whole leaf extracts, Aloe A and Aloe
B, were purchased from Pangea Phytoceuticals, Inc.
(Harlingen, TX). The extracts were produced by grinding
freshly harvested leaves of Aloe barbadensis (Miller) plants
and by treating the crude extracts with cellulase (23 mg/L)
to degrade cellulosic rind fibers and reduce viscosity. The
Aloe B extract was prepared from the Aloe A by activated
carbon-filtration (1%, wt/wt) to remove the Aloe latex
components. The extracts were lyophilized to a moisture
content of 5.1 and 4.6% for Aloe A and Aloe B, respectively. The pH values of the extracts were 5.2 and 5.3; and
the concentrations of aloin, the principal anthraquinone of
Aloe vera latex, were 8 and 0.08 mg/g, respectively. The
lyophilized Aloe vera extracts were stored at -20°C or below
prior to use. Aloin, methyl linoleate, sodium azide (NaN3),

superoxide dismutase (SOD), 5,5-dimethyl N-oxide pyrroline (DMPO), α-(4-pyridyl-1-oxide)-N-tert-butylnitrone
(POBN), and 2,2,6,6-tetramethyl-piperidine (TEMP) were
purchased from the Sigma Chemical Co. (St. Louis, MO). All
other reagents were obtained through commercial sources
and were the highest quality available. All solvents were
HPLC grade.
(I) Light Source
The UVB light source was custom made using 4 UVB
lamps (National Biologics, Twinsburg, OH). The maximum
emission of the UVB lamps is between 295 and 310 nm, and
a Bandpass Filter (CWL 291 - 299 nm) (Newport Franklin,
Inc. Franklin, MA) was employed to filter off UVA light
emitted from the lamps. The irradiance of the source was
determined using an Optronics OL754 Spectroradiometer
(Optronics Laboratories, Orlando, FL), and the light dose was
routinely measured using a Solar Light PMA-2101 Erythema
detector (Solar Light Inc., Philadelphia, PA).
(II) Peroxidation of Methyl Linoleate Initiated by the Photoirradiation of Aloe A, Aloe B, and Aloin
Experiments were conducted using a solution of
methyl linoleate (100 mM), Aloe A, or Aloe B in methanol
(0.2%, w/w), and aloin in methanol (0.002%, w/w). Samples
were placed in UV-transparent cuvettes and irradiated with
0, 270, 450, or 700 mJ/cm 2 of UVB light. After UVB irradiation, the formation of methyl linoleate-hydroperoxides
derived from the Aloe vera extracts or from the aloin
samples were determined by HPLC. Levels of methyl
linoleate-hydroperoxides were quantified by monitoring the
elution of HPLC peak areas at 235 nm and converting the
peak areas to concentrations based on the molar extinction
coefficient at 235 nm(17,18). The methyl linoleate-hydroperoxides were separated by HPLC using a Prodigy 5 mm ODS
column (4.6 × 250 mm; Phenomenex, Torrance, CA), eluted
under isocratic conditions with 10% water in methanol (v/v)
and a flow rate of 1 mL/min.
(III) Peroxidation of Methyl Linoleate Initiated by Photoirradiation of Aloe B in the Presence of Free Radical Scavengers
The effects of NaN3, SOD, and deuterium oxide (D2O)
on the photosensitized lipid peroxide formation by Aloe B
were determined as described above. The concentrations of
NaN3 and SOD were 20 mM and 500 U/mL, respectively,
and that of Aloe A or Aloe B was 0.2% (w/w). The amounts
of D2O and water were 15% by volume.
(IV) Electron Spin Resonance (ESR) Measurements
Aloe A or Aloe B, dissolved in ethanol and water (1/1,
v/v), was placed in a 50 mL quartz capillary cuvette and
exposed to UVB irradiation in situ at ambient condition. The
source of irradiation was a Schoeffel 1000 W Xenon lamp
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II. Statistical Analysis

700 mJ/cm 2 of UVB light. The purpose of using this high
concentration of aloin for the study was to find out the capability of aloin to induce UVB catalyzed lipid peroxidation.
As shown in Figure 2, the formation of lipid peroxides from methyl linoleate in the presence of the Aloe vera
extracts increased in response to greater doses of UVB.

(A)

Aloe A

Absorbance at 254 nm, AU

coupled to a Schoeffel grating monochromator. The excitation light had a maximum centered at 296 nm for both Aloe
A and Aloe B. All experiments were performed in duplicate.
For the detection of free radicals generated from the
photoirradiation of Aloe A or Aloe B, samples containing
10 mM POBN and 3 mg/mL Aloe A or 2 mg/mL Aloe B in
ethanol-water (1/1, v/v) were irradiated with UVB at 296 nm
for periods of 0, 15, and 30 min. The generation of singlet
oxygen was determined in UVB photoirradiated samples of
Aloe A or Aloe B by employing the specific ESR spin trap
for singlet oxygen, TEMP(19). Sample mixtures consisted
of ethanol (15 µL), 5 mg/mL Aloe A or Aloe B in ethanol
(80 µL), and 100 mM TEMP in water (5 µL). The ESR
spectra were recorded at ambient conditions at 0, 15, and
30 min after initiating exposure to UVB light at 296 nm.
The formation of the superoxide radical was detected
using the spin trap DMPO(20,21). Both the Aloe and DMPO
are water soluble; therefore, an aqueous solution containing
Aloe A (3 mg/mL) and 100 mM DMPO was irradiated with
UVB at 296 nm for 5, 10, and 15 min, respectively.

(B)

Aloe B

(C)

Aloin

Statistical analysis was conducted using Student’s
T-test.
(I) Instrumentation
A Waters Alliance HPLC system, consisting of a 2695
separation module and a 2996 photodiode array detector
and pump, was used for the separation and analysis of the
lipid hydroperoxide products. Conventional ESR spectra
were obtained with a Varian E-109 X-band spectrometer
and interfaced to a personal computer for data acquisition
and manipulation. ESR signals were recorded with 15 mW
incident microwave and 100 kHz field modulation of 1.25 G
(for TEMP) and 1 G (for DMPO-OOH). The scan ranges
were 80 G for TEMP and 100 G for DMPO and POBN. All
measurements were performed at ambient conditions.

0.00

5.00

10.00

As the HPLC profiles showed in Figure 1A and Figure
1B, both Aloe A and Aloe B contained multiple chemical
components, but those in Aloe B were much reduced by
filtration. For comparison, the HPLC profile of aloin was
shown in Figure 1C. Aloin also contained multiple chemical
components. We have previously determined 0.002% aloin
was equivalent to 125 times the amount of aloin contained in
0.2% Aloe A and 12500 times the amount of aloin in 0.2%
Aloe B. In this study, methyl linoleate alone and a mixture
of methyl linoleate with 0.2% Aloe A, 0.2% Aloe B, or
0.002% aloin were irradiated in parallel with 0, 270, 450, and

25.00

30.00

35.00

40.00

Figure 1. Reversed-phased HPLC profiles of (A) Aloe A, (B) Aloe B,
and (C) Aloin. HPLC analysis was conducted on a Prodigy 5 µ ODS
column (4.6 × 250 mm) eluted with methanol in water linear gradient
change 20 - 60% for 30 min and 60 - 100% methanol for 30 min at a
flow rate of 1 mL/min.

7

ML Hydroperoxides, mM

I. Photoirradiation of Aloe Vera and Aloin with UVB Light
in the Presence of Methyl Linoleate
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Retention Time, min.
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RESULTS
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Figure 2. UVB light-induced lipid peroxidation of methyl linoleate by
Aloe A, Aloe B, and Aloin. Methyl linoleate (ML) or mixtures of ML
and 0.2% Aloe A, 0.2% Aloe B, or 0.002% Aloin were irradiated in
parallel with UVB light. Data are expressed as treatment least square
means ± the standard error of the mean, n=3.
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When exposed to equivalent doses of UVB, Aloe B (triangle)
significantly enhanced the production of methyl linoleate
peroxides (symbol) in comparison with Aloe A of the same
concentration (square). Similarly, the levels of lipid peroxides in presence of Aloe B after irradiation were significantly higher than those formed by the irradiation of aloin
(Figure 2). The levels of photo-induced lipid peroxidation by
Aloe A and aloin were similar: the levels of lipid peroxides
formed were very low for Aloe A and aloin when compared
to Aloe B and significantly higher than the negative control
(methyl linoleate alone) (p < 0.05), but only at the highest
dose (700 mJ/cm2) of UVB.
II. Mechanism of Lipid Peroxidation Initiated by Photoirradiation of Aloe B
Since the level of lipid peroxidation induced by Aloe
B was much higher than that by Aloe A or aloin, the
mechanism of induction of lipid peroxidation by Aloe B
was investigated by UVB photoirradiation of Aloe B in the
presence of deuterium oxide (D2O), the free radical scavenger NaN3(22,23), and the superoxide free radical scavenger,
SOD(23,24), respectively.
The photoirradiation of 0.02% Aloe B was conducted
in the presence of D2O (99.9 atom % 2H) with UVB light at
doses of 0, 270, 450, or 700 mJ/cm 2. As shown in Figure 3,
the levels of lipid peroxides formed by the co-incubation of
Aloe B and D2O were significantly higher than the levels of

16

(A)

ML + Aloe B + H2O

III. Electron Spin Resonance (ESR) Measurement
(I) Detection of Singlet Oxygen and Superoxide
TEMP, an ESR spin trap specifically for singlet oxygen,
was employed to determine whether the UVB irradiation of

Aloe A, 3 mg/mL
+ DMPO, UV off

ML + Aloe B + D2O

12

lipid peroxides formed by the co-incubation of Aloe B and
H2O (p < 0.05) (Figure 3A). At each dose of UVB irradiation, Aloe B in the presence of NaN3 efficiently inhibited
the formation of lipid peroxides when compared to the UVB
irradiation of Aloe B in the absence of NaN3 (Figure 3B).
NaN3 was an efficient and versatile free radical scavenger
that was effective at quenching the activities of singlet
oxygen(22), and it was also effective at quenching the activities of the hydroxyl radical(22,24). Singlet oxygen has been
found to have a longer half-life in deuterium water (D2O)
than in water(25). Therefore, the application of both NaN3
and D2O should provide a reliable approach for determining
whether singlet oxygen was involved in lipid peroxidation. In
the present study, the results of co-incubation of Aloe B with
NaN3 and D2O provided clear evidence that singlet oxygen
was involved in the Aloe B induced lipid peroxidation.
SOD, a well-known superoxide quencher, significantly
suppressed the induction of lipid peroxidation formed by
Aloe B (Figure 3B), which indicated that the generation of
lipid peroxidation by irradiation of Aloe B was mediated in
part by superoxide.

8

Aloe A + DMPO
296 nm, 5 min.

ML Hydroperoxides, mM

4
0
10

Aloe A + DMPO
296 nm, 10 min.

(B)

ML + Aloe B
ML + Aloe B + NaN3

8
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6
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Figure 3. The effects of deuterium oxide (D2O), superoxide dismutase
(SOD), and sodium azide (NaN3) on the formation of hydroperoxides
initiated by the UVB photo-irradiation of methyl linoleate and Aloe
B. Values are expressed as treatment means ± the standard error of
the mean, n=3.

10 G

Figure 4. ESR measurements of 3 mg/mL Aloe A in 50% ethanol in
water containing 100 mM spin trap DMPO with UVB light at wavelength 296 nm for 5, 10, and 15 min, respectively. Conventional ESR
spectra were obtained with a Varian E-109 X-band spectrometer. ESR
signals were recorded with 15 mW incident microwave and 100 kHz
field modulation of 1.25 G. All measurements were performed in
duplicate at room temperature.

400
Journal of Food and Drug Analysis, Vol. 19, No. 4, 2011

Aloe A or Aloe B generates singlet oxygen species. Neither
the photoirradiation of Aloe A (5 mg/mL) nor Aloe B
(5 mg/mL) and TEMP (100 mM) in water with UVB light
at 296 nm for up to 20 min did produce an ESR signal (data
not shown). Therefore, the ESR spin trapping method was
not as obvious in detecting singlet oxygen when compared
to the results obtained with the enzyme inhibition and
enhancement approach shown in Figure 3B.
The specific spin trap DMPO was used for the detection
of the superoxide radical from the UVB irradiation of Aloe A
and Aloe B. Reaction of Aloe A (3 mg/mL) and DMPO in the
absence of UVB light did not generate an ESR signal (Figure
4). When irradiated with UVB at 296 nm for a period of 5,
10, and 15 min, an increased ESR signal trend was found,
although the ESR signals were all weak (Figure 4). The
photoirradiation of Aloe B with UVB at 296 nm for a period
of 5, 10, and 15 min, respectively, was conducted similarly
and an increased ESR signal pattern was also noticed (data
not shown), again consistent with the formation of larger
amounts of superoxide.

an ESR signal (Figure 5). Incubation of Aloe A (3 mg/mL)
in ethanol-water (v/v, 1/1) without UVB light for 30 min did
not result in an ESR signal either (Figure 5). In contrast,
when Aloe A (3 mg/mL) and POBN (100 mM) in ethanolwater (v/v, 1/1) were irradiated with UVB light at 296 nm for
15 min, a very weak ESR spectral signal appeared. When
irradiation time increased to 30 min, an ESR signal specific
to the POBN-spin adduct had hyperfine coupling constants
aN = 15.3 G and aH = 2.4 G, which indicated that carboncentered free radicals were generated(28).
Photoirradiation of Aloe B (2 mg/mL) in ethanol-water
(v/v, 1/1) and POBN (100 mM) with UVB light at 296 nm
was similarly conducted for 0, 15, and 30 min, respectively.
Similar results were obtained as those above for irradiation
of Aloe A; an intense ESR signal of carbon-centered free
radicals showed up when Aloe B was irradiated for 30 min
(Figure 6).

(II) Detection of Carbon-Centered Free Radicals

Aloe vera whole leaf extracts have long been used as
traditional medicines, and in recent years popularly used as
commercial retail products, including dietary supplements
and cosmetics(13). Aloe vera whole leaf extracts contain
anthraquinones, up to 30% by weight of the dried latex(13),
which can generate reactive oxygen species upon UVA light
irradiation. In order to remove the latex, which contains

To determine whether or not carbon-centered free radicals were generated by the UVB photoirradiation of Aloe A
and Aloe B, the spin trap POBN was employed(26,27). UVB
irradiation of POBN (100 mM) in ethanol-water (v/v, 1/1)
alone at a wavelength of 296 nm for 30 min did not generate

No Aloe A
296 nm, 30 min.

Aloe A, 3 mg/mL
+ POBN UV off

Aloe A + POBN
296 nm, 15 min.

Aloe A + POBN
296 nm, 30 min.

10 G

Figure 5. ESR measurements of 3 mg/mL Aloe A in 50% ethanol in
water containing 100 mM spin trap POBN with UVB light at wavelength 296 nm for 0, 15, and 30 min, respectively. Conventional ESR
spectra were obtained with a Varian E-109 X-band spectrometer. ESR
signals were recorded with 15 mW incident microwave and 100 kHz
field modulation of 1.25 G. All measurements were performed in
duplicate at room temperature.

DISCUSSION

No Aloe B
296 nm, 30 min.

Aloe B, 2 mg/mL
+ POBN UV off

Aloe B + POBN
296 nm, 15 min.

Aloe B + POBN
296 nm, 30 min.

10 G

Figure 6. ESR measurements of 2 mg/mL Aloe B in 50% ethanol in
water containing 100 mM spin trap POBN with UVB light at wavelength 296 nm for 0, 15, and 30 min, respectively. Conventional ESR
spectra were obtained with a Varian E-109 X-band spectrometer. ESR
signals were recorded with 15 mW incident microwave and 100 kHz
field modulation of 1.25 G. All measurements were performed in
duplicate at room temperature.
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anthraquinones, from Aloe A, Aloe B extract was prepared
by activated carbon-filtration of Aloe A. After treatment,
Aloe B included anthraquinones 100-fold less than that in
Aloe A. Since Aloe A had greater amounts of anthraquinones than Aloe B, it was anticipated that Aloe A would
generate higher levels of lipid peroxidation. Nevertheless,
in this study, upon UVB irradiation, the amounts of lipid
peroxidation formed were higher in the Aloe B than those
induced by Aloe A (Figure 2). Actually, both Aloe A and
aloin induced lipid peroxidation in extremely low levels
(Figure 2). These results suggested that the process of
activated carbon filtration either removed antioxidants that
were components of the Aloe A extract or enhanced the
pro-oxidant activities of components in the Aloe B extract.
However, photoirradiated by UVB and UVA, the mechanism of lipid peroxidation induced more intense by Aole B
than Aloe A or aloin was not understood.
The results were similar to our previous finding that the
levels of UVA-induced lipid peroxidation by Aloe B were
significantly higher than those from Aloe A at each light
dose(10).
Therefore, the mechanism of UVB-induced lipid
peroxidaion by Aloe A and Aloe B was studied. The experiments using enzyme inhibitors, e.g., NaN3 and SOD, and
deuterium oxide indicated that both singlet oxygen and
superoxide were involved in the mechanism and mediated the induction of lipid peroxidation. ESR study also
confirmed the generation of superoxide and carboncentered free radicals by the UVB photoirradiation of
Aloe A and Aloe B, but did not confirm the singlet oxygen
results. These results well indicated that Aloe vera whole
leaf extracts exposed to UVB light can generate ROS and
carbon-centered free radicals that mediated the induction
of lipid peroxidation. Our previous study also verified that
UVA-induced lipid peroxidation by Aloe A and Aloe B was
mediated by singlet oxygen and superoxide radicals(10).
However, neither singlet oxygen nor superoxide radicals
was detected by the ESR spin trapping approach(10). Similarly, while singlet oxygen was generated from UVB irradiation of Aloe A or Aloe B, in the present study, we were
unable to detect singlet oxygen by ESR with TEMP. Our
interpretation was that Aloe leaf extracts contained multiple
chemical components that may inhibit the reactions of
singlet oxygen with TEMP. An alternative hypothesis was
that chemical components in the Aloe leaf extracts may trap
singlet oxygen prior to the formation of TEMP spin adduct.
The mechanism by which UVB-induced lipid peroxidation by Aloe A and Aloe B was proposed here. UVB
irradiation of Aloe B (or Aloe A) resulted in the formation
of excited state molecules within Aloe B (or Aloe A), as
well as carbon-centered free radicals. The photo-excited
Aloe B (or Aloe A) served as the initiating species to
transfer energy to molecular oxygen and generate singlet
oxygen by a type II mechanism, or to transfer an electron
to molecular oxygen and generate the superoxide radical
anion by a type I mechanism(29,30). In presence of a lipid,
the generated singlet oxygen and superoxide radical can

initiate lipid peroxidation(31). In addition to ROS, the Aloederived carbon-centered free radicals can react with molecular oxygen through a free radical chain reaction leading
to the formation of alkoxy radicals that can initiate lipid
peroxidation(32-34).
In general, both ROS and lipid peroxidation were
associated with aging and many diseases including
cancer, athereosclerosis, ischemia, inflammation, and liver
injury(35-38). The results reported in this study suggested
that the UVB photo-induced ROS and lipid peroxidation by
Aloe B and Aloe A may potentially enhance skin damage
and skin cancer, which needs further investigation.
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